Learning causal relationships is an essential skill in daily life because it allows us to anticipate and control events in the environment. For example, if a person learns that each time he walks in the sun he will get a headache, he will avoid walking in the sun or he will protect his head with a cap. Yet despite the importance of learning causal relationships, there is still much controversy about the underlying processes.
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In human causal learning (HCL) studies, participants are presented a number of trials on which causal cues and outcomes are either present or absent. After they have observed some or all of the information, the participants are asked to make a judgment about the causal relation between each cause and the outcome. In one standard design, participants are first exposed to Aϩ (cue A followed by the outcome) and BϪ (cue B not followed by the outcome) trials. In a second learning stage, the participants see AXϩ (cue A and cue X presented together and followed by the outcome) and BYϩ trials. Several studies (e.g., Aitken, Larkin, & Dickinson, 2001; Dickinson & Burke, 1996) have found that the causal ratings for cue X at the end of the second learning stage are lower than the causal ratings for cue Y. This result is referred to as forward cue competition.
Forward cue competition, however, confounds two different cue competition effects-namely, forward blocking and reduced overshadowing. When a target cue X is paired together with an alternative cue A and followed by the outcome (AXϩ), causal ratings for cue X are lower when the AXϩ trials are preceded by Aϩ trials than when no Aϩ trials are presented. This effect is referred to as forward blocking (see, e.g., Dickinson, Shanks, & Evenden, 1984; Shanks, 1985) . Similarly, when a target cue Y is paired together with an alternative cue B and followed by the outcome, causal ratings for cue Y will be higher when BYϩ trials are preceded by BϪ trials than when no BϪ trials are presented. This effect is referred to as reduced overshadowing (e.g., De Houwer, Beckers, & Glautier, 2002) .
The aim of this study was to compare the relative contributions of forward blocking and reduced overshadowing to forward cue competition. This can be achieved by adding KLϩ control trials to the second learning stage of a forward cue competition design (that normally consists of AXϩ and BYϩ trials only). Just like the target cues X and Y, the control cues K and L are always presented in compound with another cue. The difference between the control and target cues is that the control cues are paired with another cue that has not been presented before, whereas the target cues are paired with a cue previously presented on its own and followed by the outcome (forward blocking) or not followed by the outcome (reduced overshadowing). Within this design, forward blocking can be calculated by subtracting the causal rating for X from the mean causal rating for K and L. Similarly, reduced overshadowing can be calculated by subtracting the mean causal rating for K and L from the causal rating for cue Y.
There are some indications from previous studies that reduced overshadowing may be stronger than forward blocking. Larkin, Aitken, and Dickinson (1998) found that unovershadowing was stronger than backward blocking (but see Wasserman & Berglan, 1998 , for conflicting results). Both unovershadowing (also known as release from overshadowing) and backward blocking refer to cue competition effects similar to reduced overshadowing and forward blocking, respectively, but the order of the presented events is reversed; that is, AXϩ (BYϩ) trials precede the Aϩ (BϪ) trials in a backward blocking (unovershadowing) design. However, we are unaware of any study that has directly compared forward blocking and reduced overshadowing using discrete outcomes. We do not even know of any study that has included an appropriate control to measure reduced overshadowing. The aim of the present study was to fill these gaps in the literature, because the comparison between forward blocking and In this study, we directly compared forward blocking with reduced overshadowing in a human causal learning study using an Aϩ, BϪ (first learning stage), AXϩ, BYϩ, KLϩ (second learning stage) design. The results showed that reduced overshadowing was significantly stronger than forward blocking. These results are problematic for at least some associative learning models but were predicted on the basis of higher order reasoning accounts of cue competition in human causal learning.
reduced overshadowing can have important theoretical implications (see Discussion).
METHOD Participants
Eighteen psychology students at Ghent University participated as volunteers. All were native Dutch speakers.
Design, Stimuli, and Materials
The design is given in Table 1 . In the first learning stage, six Aϩ and six BϪ trials were presented. In the second learning stage, AXϩ, BYϩ, and KLϩ trials were presented six times each. The sequence of trials was randomized for each participant and learning stage separately. The following six names of foods were used for the different cues (translated from Dutch): mushrooms, kiwi, fish, potatoes, coffee, and tomatoes. The cues were presented as colored pictures of foods (15 cm high, 10 cm wide) against a white background, with the name of the food under the picture in a black color.
The task was presented on a Pentium I PC with a 15-in. screen, and implemented using a custom made Inquisit program. Six different allocations of the foods to the different cues were used, counterbalanced across participants.
Procedure
After reading the learning instructions (see the Appendix), the participants pressed a key to start the learning stage. Each learning trial began with the presentation of one or two foods in the center of the screen. After 2,000 msec, either the message "allergic reaction" in a red color or the message "no allergic reaction" in a green color was added at the bottom of the screen. This message stayed on the screen for 3,000 msec, after which both the food and the outcome message were erased. The intertrial interval was 3,000 msec.
After the presentation of all 30 trials, the test instructions appeared on the screen (see the Appendix). During each trial of the test stage, a single food was presented in the center of the screen with a rating scale underneath it. The scale consisted of 10 digits ranging from 1 to 10, with 1 labeled no cause of allergy and 10 labeled cause of allergy. The participants could make their causal rating by clicking with the mouse on a digit of the rating scale. After this click, a white screen was presented for 1,000 msec. Then a new scale from 1 to 10 appeared on the screen with 1 labeled very unsure and 10 very sure. On this scale, the participants could indicate how confident they were about their previous causal rating. The confidence ratings were added for exploratory reasons and will not be discussed further. After the participant had entered the confidence rating, a white screen was presented for 1,000 msec before the start of the next test trial. The six different foods were presented in a random order determined separately for each participant.
RESULTS
Mean causal ratings for the different cues are given in Table 1 . As expected, the mean causal rating for cue A was close to 10 and that for cue B close to 1. We then computed indexes of forward blocking and reduced overshadowing. Forward blocking was computed as the mean of the causal ratings for cues K and L minus the causal rating for cue X, and reduced overshadowing as the causal rating for cue Y minus the mean of the causal ratings for cues K and L. The measure for reduced overshadowing (M ϭ 3.92, SE ϭ 0.42) was more than seven times higher than the measure for forward blocking (M ϭ 0.53, SE ϭ 0.44). A paired samples t test showed that this difference was significant [t (17) 
DISCUSSION
In this study, we investigated the relative contribution of forward blocking and reduced overshadowing to forward cue competition. The results were very clear. Reduced overshadowing was significantly stronger than forward blocking. This study also provided, as far as we know, the first evidence for reduced overshadowing in HCL when appropriate controls (i.e., KLϩ) are used.
Many associative models of animal conditioning that could be or have been applied to HCL cannot provide a straightforward account of these results (see, e.g., Denniston, Savastano, & Miller, 2001; Dickinson & Burke, 1996; Miller & Matzel, 1988; Pearce & Hall, 1980; Rescorla & Wagner, 1972; Van Hamme & Wasserman, 1994; Wagner, 1981) . Quite opposite to the results presented here, these models all predict robust forward blocking effects. In essence, associative models explain forward blocking either by a selective learning mechanism (see, e.g., Rescorla & Wagner, 1972) or by a selective expression mechanism in which the associative strengths of the blocked cue X and its comparator cue A are compared (see, e.g., Miller & Matzel, 1988) . Due to the Aϩ trials in the first learning stage of a blocking design (Aϩ, AXϩ), either cue X gains little associative strength during the AXϩ trials in the second learning stage (selective learning mechanism) or the associative strength of cue X is much lower than the associative strength of cue A at the end of the learning stage (selective expression mechanism). As such, associative models predict robust blocking effects. One possible mechanism by which associative models might account for the lack of blocking is mediated learning. Applied to our design, the representation of X at the test stage could have activated the representation of A (by the AXϩ trials in the second learning stage), which in turn activated the representation of the outcome (by the Aϩ trials in the first .24 Note-The letters refer to foods. The "ϩ" stands for occurrence of the outcome and the "Ϫ" for nonoccurrence of the outcome. The outcome was an allergic reaction. learning stage). This could explain why ratings for X were so high. Note that such an explanation implies that there should be a negative correlation between forward blocking and the strength of the within-compound association between A and X. Existing evidence suggest that this correlation is, however, absent or positive (see, e.g., Melchers, Lachnit, & Shanks, 2004; Vandorpe, De Houwer, & Beckers, 2005) .
The well-known and often cited Rescorla-Wagner (1972) model and the revision of this model by Van Hamme and Wasserman (1994) also have problems in explaining reduced overshadowing. When Aϩ and BϪ trials precede BYϩ trials, cue B does not gain associative strength during the BϪ trials of the first learning stage. As a consequence, cue B, the reduced overshadowing cue Y, and the control cues have equal (zero) associative strength at the beginning of the second learning stage, and reduced overshadowing should not occur. One can argue that cue B becomes slightly inhibitory in the first learning stage owing to the context, which acquires excitation on the Aϩ trials. But the context is reinforced on only half of the trials in the first learning stage (i.e., on the Aϩ but not the BϪ trials). Moreover, it is typically also assumed that the salience of the context is lower than the salience of a discrete stimulus. Therefore, excitatory strength acquired by the context and concomitant inhibitory strength acquired by cue B will be weak at best at the beginning of the second learning stage, and only a small reduced overshadowing effect should occur, if any. Nevertheless, it is difficult to see how this could be stronger than the blocking effect. But even if one assumes that the context gains some considerable associative strength, the associative strength of cue A should be larger. Therefore, it is difficult to see why no strong blocking effects occurred.
Other associative models such as the attentional models of Mackintosh (1975) and Pearce and Hall (1980) , Wagner's (1981) SOP model, and the extended comparator hypothesis of Denniston et al. (2001) also do not provide a straightforward account of our results. All these models have built-in mechanisms whereby cue B becomes a poor competing cue for cue Y on BYϩ trials. Hence, they are capable of explaining reduced overshadowing. However, as has already been mentioned, all these models predict robust blocking effects, and it is therefore difficult to see how they can handle the finding of reduced overshadowing that is significantly stronger than forward blocking. Nevertheless, we do not exclude the possibility that the learning parameters of some of these models could be adjusted in such a way that the models would produce stronger reduced overshadowing than forward blocking. Note, however, that such adjustments would be entirely post hoc and might well be incompatible with how the models explain other findings.
Models of causal learning in which a crucial role is assigned to higher order reasoning processes (see, e.g., Cheng, 1997; De Houwer & Beckers, 2003; Lovibond, 2003; Waldmann, 2000) , however, provide a straightforward a priori explanation of the results of this study. In the case of reduced overshadowing (BϪ, BYϩ), for example, participants can infer on BYϩ trials that Y has to be the cause of the outcome, because they know that B is not a cause of the outcome. Similarly, in the case of forward blocking (Aϩ, AXϩ), participants can infer on the AXϩ trials that X is not a cause of the outcome if they know that A is a cause of the outcome. They can, however, be sure about the latter inference only if they can verify that X does not add anything to the effect of A. If the outcome is merely present or absent, this condition is not fulfilled. If A already causes the outcome on all trials where A is present, one cannot verify that X increases the likelihood that the outcome will occur on AXϩ trials. Participants would thus be unsure about the causal status of cue X while they could be sure about the causal status of cue Y. As a consequence, reduced overshadowing should be significantly stronger than forward blocking.
Additional evidence for this interpretation of our results comes from De Houwer et al. (2002), who also compared reduced overshadowing and forward blocking. This study differed in an important way from all of the other studies about cue competition in HCL. In De Houwer et al.'s third experiment, reduced overshadowing and forward blocking were of the same magnitude. However, the outcome (an explosion of an army tank) was nondiscrete, and it always occurred with a submaximal intensity of 10 out of 20 on Aϩ and AXϩ trials. Because the blocked cue X did not increase the intensity of the outcome on AXϩ trials in comparison with the intensity of the outcome on Aϩ trials, participants could with certainty infer that cue X was not a cause of the outcome and a blocking effect of comparable magnitude to reduced overshadowing occurred. 1 Some readers might be surprised that we failed to find a significant forward blocking effect. However, forward blocking in HCL is not as well documented as is often assumed. In most studies on cue competition, forward blocking and reduced overshadowing have been confounded. Although forward blocking has been found in some studies when appropriate controls were used (e.g., Arcediano, Escobar, & Matute, 2001; Chapman, 1991; Dickinson et al., 1984; Shanks, 1985) , several authors have referred to consistent failures to obtain this effect (e.g., De Houwer et al., 2002; Glautier, 2002) . Moreover, when blocking has been found the experimental procedure has often contained specific elements such as the requirement that two cues cannot get the same rating (e.g., Chapman, 1991) or that the cue-outcome relation is probabilistic in nature (e.g., Dickinson et al., 1984; Shanks, 1985) . Our failure to find forward blocking is thus not atypical. Moreover, we must emphasize that our main finding is not the absence of a forward blocking effect but rather the observation that forward blocking was significantly smaller than reduced overshadowing.
Nevertheless, an anonymous reviewer pointed out that a comparison between forward blocking and reduced overshadowing might make sense only under conditions that allow for significant forward blocking. It is therefore important to note that we replicated the basic finding of this study (i.e., reduced overshadowing significantly stronger than forward blocking) in an additional study that involved two conditions of importance for this study (Vandorpe & De Houwer, in press) . In one condition, we used a simple design-namely, Aϩ, BϪ trials in the first learning stage and AXϩ, BYϩ, KLϩ, and VWϪ trials in the second learning stage. In a second condition, the basic design was the same, but three different foods were assigned to each cue (i.e., three different Aϩ events, three different BϪ events, three different AXϩ events, etc.). Importantly, in both conditions we found significant blocking effects; but these effects were significantly smaller than the reduced overshadowing effects. As such, the results of this recent study not only show that the basic finding of this paper is reliable, but also that reduced overshadowing is stronger than forward blocking even when the latter effect is significantly different from zero.
To conclude, this study provides, as far as we know, the first evidence that reduced overshadowing is stronger than forward blocking in HCL when the outcome is merely present or absent (and under these conditions also the first evidence for reduced overshadowing measured against an appropriate control). This result is problematic for certain associative learning models of HCL but is in line with an a priori prediction of higher order reasoning accounts of cue competition in HCL.
APPENDIX Learning Instructions (translated from Dutch)
This experiment is about how people learn relations between different events. Try to imagine that you are a doctor. One of your patients suffers from allergic reactions after eating certain foods. To discover which foods lead to an allergic reaction, the patient has eaten specific foods on different days and this was followed by a test on whether an allergic reaction occurred. In a moment, you will see the results of these daily allergy tests one by one on the screen. On each trial, you will first see what the patient had eaten that day. On some days, he only ate one food; on other days he ate two different foods. Look carefully each time at what the patient ate that day. You will also receive information about whether the patient showed an allergic reaction or not. Use this information to determine for each food separately whether it leads to an allergic reaction in your patient. Note that if the patient ate two different foods and there was an allergic reaction, you do not know which of the two foods was responsible for the allergic reaction. You nevertheless have to determine for each food separately to what extent it causes an allergic reaction in the patient.
First you will see information about 30 allergy tests. After that, you will have to judge for each food the extent to which you think it is a cause of an allergic reaction in the patient. Notice that only the presented information can help you. The task is to determine to what extent the foods cause an allergic reaction in this specific patient. Your personal experiences with the foods or occasional knowledge about the properties of the foods are not relevant and cannot help you. Only the presented information matters.
Test Instructions (translated from Dutch)
Now you have to judge for each food separately to what extent it causes an allergic reaction in the patient. You can do this by giving a score between 1 and 10, where a score of "1" means that the food never causes an allergic reaction and a score of "10" means that the food always causes an allergic reaction. Thus, the higher your score, the more likely it is that the food causes an allergic reaction in the patient. Each time, you will also be asked how sure you are of your rating. You can express this using a scale from 1 to 10, where 1 stands for very unsure and 10 for very sure. 
